T-box genes encode putative transcription factors implicated in diverse developmental processes (Papaioannou, V.E. and Silver, L.M., 1998. BioEssays 20, 9-19). We have previously reported the embryonic expression patterns of T-box genes in mice (Chapman, D.L., Garvey, N., Hancock, S., Alexiou, M., Agulnik, S.I., Gibson-Brown, J.J., Cebra-Thomas, J., Bollag, R.J., Silver, L.M., Papaioannou, V.E., 1996. Dev. Dyn. 206, 379-390; Chapman, D.L., Agulnik, I., Hancock, S., Silver, L.M. and Papaioannou, V.E., 1996. Dev. Biol. 180, 534-542; Gibson-Brown, J.J., Agulnik, S.I., Chapman, D.L., Alexiou, M., Garvey, N., Silver, L.M., Papaioannou, V.E., 1996. Mech. Dev. 56, 93-101). Four of these genes (Tbx2-Tbx5) are represented in the mouse genome as two cognate, linked gene pairs (Agulnik, S.I., Garvey, N., Hancock, S., Ruvinsky, I., Chapman, D.L., Agulnik, I., Bollag, R., Papaioannou, V.E., Silver, L.M., 1996. Genetics 144, 249-254), and have all been implicated in playing important roles in limb development (Gibson-Brown, J.J., Agulnik, S.I., Chapman, D.L., Alexiou, M., Garvey, N., Silver, L.M., Papaioannou, V.E., 1996. Mech. Dev. 56, 93-101). To investigate the role of these genes in limb development, we cloned the chicken orthologs and report functional studies, as well as patterns of expression in the developing limbs, elsewhere (Gibson-Brown, J.J., Agulnik, S.I., Silver, L.M., Niswander, L., Papaioannou, V.E., Development, in press). This report details the patterns of expression of Tbx2-Tbx5 in chick embryonic tissues other than the limbs.
Results
The main areas of expression of Tbx2-Tbx5 during chick organogenesis (stages 11-27) are itemized in Table 1 . Tbx2 expression was detected in the aortic sac and in the ventricle of the heart from stages 14 to 17. Between stages 18 and 25 expression was detected on the ventricular side of the atrioventricular junction (Fig. 1A) . By stage 25, most of the heart was negative, with only a faint signal being detected on the ventricular side of the junction between the left ventricle and left atrium. From stage 14, Tbx2 expression was observed in the frontonasal process, the first and second branchial arches, the dorsal part of the optic cup, and the otic vesicle (Fig. 1A) . Expression in the facial region was observed around the nasal pits and the mouth, in both the mandibular and maxillary processes, through stage 27 (Fig.  1B) . By stage 21, expression was detected at the periphery of the third, fourth and fifth branchial arches (Fig. 1C) , the endoderm of the branchial pouches and the floor of the pharynx (not shown). By stage 25, however, only the caudal part of the external auditory meatus, which is the only external remnant of the first branchial cleft, exhibited any signal. Expression was also detected in the semi-circular canals and the endolymphatic duct. From stage 18, expression was detected in the mesenchyme of the lung buds and trachea (Fig. 1D) , the proctodeum, the ventral body wall overlying the heart, the ventrolateral flank between the limbs (Fig.  1A,C) , the ventral side of the tail bud, and the allantois (Fig. 1C) Abbreviations: al, allantois; av, atrioventricular junction; ba, branchial arches; drg, dorsal root ganglion; duo, duodenum; fl, flank; lb, leg bud; mand, mandible; max, maxilla; np, nasal pit; nt, neuronal tract; op, optic cup; ot, otic vesicle; tr, trachea; wb, wing bud. Scale bar, 500 mm in (A), 1 mm in (B-D), 2 mm in (E).
the mantle layer of the basal plate in the cervical neural tube and hindbrain (Fig. 1D ). Between stages 25 and 27 expression was detected in the duodenum, with a clear rostral boundary at the junction with the stomach (Fig. 1E ). Tbx3 expression was detected from stage 14 in the first and second branchial arches, the otic vesicle, the dorsal part of the optic cup, and the frontonasal process ( Fig. 2A) . By stage 15, the proctodeum, the ventral side of the tail bud, and the pineal gland were positive. By stage 19-21 expression was seen in the lung buds, the ventrolateral flank, the body wall overlying the heart, the allantois (Fig. 2B) , the maxillary and mandibulary processes, and around the nasal pits (Fig. 2C) . From stage 14, Tbx3 was expressed in the ventrolateral edge of the somites ( Fig. 2A) , and from stage 21 was also observed in the dorsomedial dermamyotome of all but the cervical somites (Fig. 2B,D) . By stage 26, expression was observed in the mesenchyme surrounding the trachea and in dorsal root ganglia (as shown for Tbx2 in Fig.  1D ).
Tbx4 expression was observed between stages 15 and 26 in the lung buds (Fig. 3A) and mesenchyme surrounding the trachea (Fig. 3B) . Between stages 19 and 21 a transverse stripe of expression was seen in the body wall overlying the rostral end of the heart. Between stages 21 and 26 the proctodeum was positive (Fig. 3C) . At stage 26, but not earlier, expression was detected in the notochord (Fig. 3B) .
Tbx5 expression was observed in the dorsal optic cup at stage 14, persisting at least through stage 21 (Fig. 4A,B) , and in mesenchyme surrounding the lung buds and trachea (Fig. 4C) . At stage 26, but not earlier, expression was seen throughout the notochord (Fig. 4C ) and in the genital papilla. In the developing heart, Tbx5 expression was first detected at stage 12 along the entire rostrocaudal length of the fused heart tube. During looping, between stages 13 and 18, the whole heart expressed Tbx5 (Fig. 4A,B ), but at later stages Tbx5 expression became regionalized; it remained strong in the atria and left ventricle, was gradually lost from the right ventricle, and was never present in the conus cordis (Fig. 4D,E) .
Embryonic expression of the chick Tbx2-Tbx5 genes is generally very similar, both spatially and temporally, to the patterns previously reported for their mouse orthologs . Limb-associated similarities and differences in expression are reported in detail elsewhere , 1998 . In other areas of the embryo there are also several notable differences. Chick Tbx3 is expressed in the dorsomedial dermamyotome and the ventrolateral edge of the somites, tissues in which mouse Tbx3 is not expressed. Notochord expression of Tbx4 and Tbx5 has not been observed in the mouse, although late stage mouse embryos were not examined. In the chick allantois, Tbx2, but not Tbx4 or Tbx5, is expressed, whereas the opposite is true in the mouse. In the chick, the allantois consists of both endoderm and mesoderm, but in the mouse only mesoderm is present. Tbx2 expression could be confined to the allantoic endoderm in the chick, explaining its absence in the homologous mouse structure which lacks endoderm. Tbx4 and Tbx5 are not expressed in the chick allantois, however, implying that both of these genes have been functionally recruited during evolution of the mammalian chorioallantoic placenta.
Methods

Chick embryos and embryo culture
Fertilized White Leghorn chicken eggs (SPAFAS, CT) were incubated at 38°C in a humidified atmosphere, with rocking. Embryos were staged according to Hamburger and Hamilton (1992) and fixed for whole-mount in situ hybridization between stages 11 and 27. Frontal views of the heart at stages 25 and 27, respectively. Abbreviations: cc, conus cordis; ht, heart; la, left atrium; lv, left ventricle; no, notochord; op, optic cup; ot, otic vesicle; ra, right atrium; rv, right ventricle; tr, trachea; wb, wing bud. Scale bar, 500 mm in (A), 1 mm in (B,C), 1.5 mm in (D,E).
Whole-mount in situ hybridization
cDNA clones containing portions of the chick Tbx3, Tbx4 and Tbx5 genes were obtained by screening embryonic limb cDNA libraries with probes containing the T-box regions of the mouse Tbx4 and Tbx5 genes . A 197-bp PCR product from the T-box portion of chick Tbx2 was provided by Dr. Juan-Carlos Izpisúa-Belmonte. Gene identities were established by comparing amino acid sequences from the T-box portion of each clone with that of their corresponding mouse orthologs (Gibson-Brown et al., 1998) . Whole-mount in situ hybridization was performed as described (Gibson-Brown et al., 1998) .
